Kangaroo Mother Care (KMC) has been used as a technique to promote mother-child bonding. It has been discussed of its use for preterm under mechanical ventilation. The objective of this study is to assess the vital signs of preterm infants with a birth weight lower than 1500 g who are under intubation and hemodynamically stable in KMC. Forty-three preterm infants with a mean gestational age at birth of 29.1 AE 1.6 weeks and a mean birth weight of 1.1334 AE 2318 g. The preterm infants were longitudinally assessed for 90 min (15 min before, 60 min in KMC and 15 min after). These periods were compared, and the dependent variables heart rate, oxygen saturation (SpO 2 ), axilary temperature and mean arterial blood pressure were statistically significant (p < 0.05). Clinically, however, the results were not significantly different. The results show that KMC is a safe method under the study conditions presented here.
Introduction
Currently, the main objective of Kangaroo Mother Care (KMC) is to promote a bond between child and parents [1, 2] . While the birth of a preterm infant is stressful and might hinder the parent-child interaction [3] , KMC is universally accepted as a technique that improves parents' adaptation to the conditions and consequences of this event [4, 5] .
The use of KMC in preterm infants under mechanical ventilation (MV) is still being discussed although this technique may decrease the need for additional oxygen as the vertical position employed during the procedure improves the efficiency of the diaphragm and pulmonary function, favoring oxygenation and cardiorespiratory stability [6] . One of the earliest KMC reports showed that the technique is safe for intubated preterm infants, and that it can be helpful to approach parent-child [7] . van Zanten et al. [8] described preterm infants with ventilation support statistically significant differences (p 0.05) before, during and after KMC with respect to physiological variables but these variation were within the normal limits. However, Smith [9] , in a study of 14 preterm infants diagnosed with chronic pulmonary disease under MV, reported instability in the physiological variables (SpO 2 , axillary temperature) described during a 2 h long KMC.
It is still necessary to assess the safety of KMC for at-risk preterm infants, and the present study aimed to analyze the vital signs of preterm infants with weights lower than 1500 g who are intubated and hemodynamically stable in KMC for a period of 1 h.
Methods
We conducted a quasi-experimental study design (pre-test, test, post-test) where the preterm infants acted as their own controls. Subjects were selected from the Neonatal Intensive Care Unit (NICU) of a public hospital in Southeast of Brazil between August 2007 and February 2008. The study was approved by the Ethics Committee of the Federal University of Minas Gerais (311/07).
During the data collection period, 137 preterm infants with weight <1500g were admitted to the NICU, with a 76.6% survival rate. Of these, 53 were eligible for the study (all were intubated and under MV for at least 24 h) and were respiratory and hemodynamically stable (preterm infants who were using a single vasoconstriction drug that would be decreasing and which the neonatologist considered clinically stable)-ventilatory parameters: fraction of inspired oxygen (FiO 2 ) 0.4; peak inspired pressure (PIP) 16 cmH 2 O; positive expiratory end pressure (PEEP) 5 cmH 2 O and respiratory rate (RR) 40 bpm). The following exclusion criteria were: newborns (RNs) with high bilirubin levels and requiring phototherapy, the infants of women children with skin changes that would impede the placement kangaroo and those with congenital malformations or diagnosed with intraventricular hemorrhage grades III and IV. None of RNs eligible fulfilled any of the exclusion criteria. However, nine mothers did not consent to the procedure; and one was excluded during the course of the study when the mother refused the procedure (18.6% of the subjects). Considering the largest difference in the variables, sample power calculated for the 43 preterm infants was over 90%.
Procedures
For KMC, a modified version of the protocol by Ludington-Hoe et al. [6] was adopted. The preterm infant, wearing only a diaper, was put against the mother's breast, vertically in the prone posture. The mother wore nightgown opened in front and sat in a comfortable 60 reclining chair.
Measures
Data were collected 15 min before, 1 h during and 15 min after KMC. Heart rate (HR), SpO 2 and axillary temperature were collected 15 and 5 min before KMC with the preterm infant still in the incubator; 2 min after starting KMC and every 10 min thereafter; 5 and 15 min after returning to the incubator. MABP was recorded 15 min before KMC; 30 min after the commencement of KMC; 15 min after returning to the incubator. Axillary temperature was taken 15 and 5 min before KMC, every 15 min during KMC and 5 and 15 minutes after KMC. FiO 2 was recorded immediately before KMC; after 2 min and every 10 min during KMC; and after returning to the incubator. Smith's [9] criteria for FiO 2 modification were employed, in which a 10% increase every minute would be observed if SpO 2 were <85%, and a 10% decrease every 15 min if SpO 2 were >96%. Ventilatory parameters were collected immediately before, during (at the 30 min mark) and after KMC. To avoid possible interference, the mother's axillary temperature, room temperature and incubator temperature were all verified before and immediately after KMC. Additionally, the presence of pain was assessed using the Neonatal Facial Coding System (NFCS) [10] before, 2 min after beginning KMC, every 20 min during KMC and immediately after KMC. KMC was only initiated if no signs of pain (NFCS ! 3) were observed. The KMC would be terminated if, during KMC, the preterm infant presented SpO 2 < 85% even with FiO 2 ¼ 1.0 (100%) [9] ; axillary temperature <36 C and >37.5 C [7] ; HR <100 bpm and >160 bpm [11] , as determined by the neonatologist. There was no case of instability during the procedure.
HR and SpO 2 were recorded using pulse oxymetry (Dixtal Õ ); MABP through the non-invasive oscillometric measurement (Dixtal DX-2710 Õ , Manaus, Amazonas, Brazil); axillary temperature was measured using a digital flexible thermometer (BD Õ ).
Statistical approach
Longitudinal data analysis evaluated the variations in HR, FiO 2 , MABP and axillary temperature over time, and each of the covariables: gestational age (GA), days-of-life, days under MV, sex, weight, use of inotropic drugs and sedation. Adjusted linear models of mixed effects (random effects) were calculated. The software packages R and Minitab were used, and a value of p 0.05 was considered statistically significant. Analyses of the mother's axillary temperature and the incubator and room temperature were done by a paired t-test. For pain analysis, Fisher's exact test was used and repeated measures were made.
Results
Forty-three preterm infants were included in this study. Preterm infants included in the present study had GA over 29 weeks and mean weight, during intervention, of 1096 g (minimum of 500 g and maximum of 1135 g). Other characteristics of the 43 preterm infants are described in Table 1 . During KMC, HR, SpO 2 , axillary temperature and FiO 2 were monitored continuously.
The results of the analysis of vital signs before, during and after KMC are shown in Table 2 . It should be noted that HR showed some statistically significant oscillation (p < 0.001); however, the results of all the dependent variables shown in Fig. 1 were not clinically significant. The greatest variation of HR was 5 bpm. The maximum variation in temperature was 0.2 C. The covariables days-of-life and MV time were associated with temperature, that is, the higher the covariables, the higher the temperature.
There was a small increase in MABP during KMC, which returned to the initial value after the procedure. Only GA was associated with MABP: the higher the GA, the higher the MABP. The greatest difference in MABP was 4.0 mmHg. FiO 2 decreased mostly significantly, up until 30 min into KMC, after which it decreased less noticeably. Covariables days-of-life and MV time were associated with FiO 2 , and the higher the covariables the higher the value of FiO 2 . It is worth nothing that the FiO 2 variation, even though statistically significant (p < 0.001), is clinically negligible (0.05%). SpO 2 decreased over time up until the last measurement, but the greatest SpO 2 variation was 0.7% (95.4-96.1%), which is clinically insignificant. SpO 2 was influenced by the modification in FiO 2 , and therefore not considered as a response variable.
There was no change in the ventilatory parameters (PIP, PEEP and RR) and none for the preterm infant needed to be removed prematurely from KMC due to instability. Additionally, there were no statistically significant variations in the mother's axillary temperature and room and incubator temperature (p > 0.05).
Preterm infants presented signs of pain only after KMC with significant difference (p ¼ 0.002). However, multivariate analysis determined that the variable did not interfere in the vital signs.
Discussion
Under the conditions of the present study, given the data and study duration, there is evidence that KMC is possibly safe. Safety indicators measured before, during and after the procedure did not show clinically significant differences despite being statistically significant.
There was a slight decrease in HR during KMC that could be attributed to the preterm infant's increased comfort and relaxation, and a slight increase after the procedure probably due to stress caused by moving the child from KMC to the incubator. MABP, on the other hand, increased during KMC probably due to hemodynamic compensation, which returned to original values after the procedure. According to Schrod and Walter [12] , KMC might produce orthostatic stress, an effect of the head elevation (in the present study at 60 ), in the cerebral and systemic oxygenation and in the circulation and sympathetic-vagal balance reflexes. Head elevation also results in an accumulation of blood in the lower regions of the body, which increases peripheral vascular resistance and decreases venous return and cardiac debt. This fact may explain the significant increase in MABP in this study.
During KMC, sheets of the same thickness covered the preterm infant's entire body, but they were not sufficient to keep them from losing heat. Similar results were described by van Zanten et al. [8] in which axillary temperature decreased during KMC and remained low after the procedure, with statistically significant differences (p 0.05). However, these variations were well within the normal limits during the whole data collection period. Conversely, Bauer et al. [13] reported a study of 27 preterm infants with GA between 25 and 30 weeks, without the use of complementary oxygen, in which there was a decrease in the rectal temperature of the infants with GA between 25 and 27 weeks in the first week during KMC. There was a slight decrease in FiO 2 during KMC that was sustained after the procedure. The vertical position improves diaphragm efficiency and pulmonary function and favors oxygenation and cardiorespiratory stability [6, 14] . However, Smith [9] reported some instability in the physiological variables during KMC in 14 infants of very low weight (990 AE 155 g and corrected age of 30 AE 1 weeks) under MV diagnosed with bronchodysplasia. FiO 2 was significantly higher (p ¼ 0.009) during KMC, especially in the second hour, and returned to the original values after 1 h in the incubator. SpO 2 was lower during KMC, but this was not statistically significant. It is important to point out that the variation in the measured parameters occurred mainly in the second hour of KMC, suggesting that KMC might not be safe in at-risk preterm infants for over 1 h.
Black [15] reported that reluctance, lack of protocols and team experience, as well as the fear of losing venous access and accidental extubation, are obstacles for KMC in preterm infants under MV. In the present study, the team was properly trained in the hospital prior to the investigation, which probably prevented adverse events such as accidental extubation.
Early contact between mother and child is still not universally accepted in the assistance of preterm infants with weight <1500 g and under MV. Changes in hospital practice are encouraged, but parents should also be guaranteed a satisfactory and gratifying relationship. Keeping the parents close to their infants in the first hours or days after birth seems to stimulate the operation of sensory, hormonal, physiological, immunological and behavioral mechanisms [16] .
It would be beneficial in future studies to also collect data on neonatal head ultrasound and the impact of KMC on the mothers.
We conclude that despite the statistically significant differences in the vital signs in the moments before, during and after KMC, these variations were clinically insignificant (lower than 5% from baseline) showing that KMC in this situation, especially when an able team exists, is probably safe and might bring benefits, especially with respect to mother-child bonding.
